Self-microemulsifying drug delivery system (SMEDDS) has emerged as a distinctive approach for the improvement of low bioavailability, high intra-and inter-subject changeability, and absence of dose proportionality difficulties associated with hydrophobic (water-repelling) drugs due to their incomparable potentials. SMEDDS is isotropic mixture of drug, surfactants, cosurfactants, and oil which have unique ability to form fine o/w microemulsion on slight shaking followed by dilution with fluid, such as gastrointestinal fluid. In vitro features such as concentration of surfactants, ratio of oil to surfactant, polarity of emulsion, zeta potential, and size of droplet play a vital role in drug absorption orally. It would be more accurate to say that it disperses out of oily droplets into gastrointestinal tract media, resulting in the development of equilibrium among outer dispersed media and the drugs dissolved in oily droplets in spite of saying that the drug is released from SMEDDS. This analysis is useful for the better understanding of SMEDDS for its recent advancements with an emphasis on absorption pathway of lipids, patents, and research work. The present article provides a discussion on recent developments such as self-microemulsifying mouth dissolving film, supersaturable, herbal, and sponges carrying SMEDDS.
INTRODUCTION
A bout 40% of new drugs exhibit poor water solubility, resulting in lack of dose proportionality, high inter-and intra-subject variability, and low erratic oral bioavailability. For the pharmaceutical preparation to succeed in market, it should fulfill all the criteria such as stability, patient compliance, cost of product, and bioavailability. [1] There are several approaches for improvement in bioavailability such as use of crystal polymorphism, surfactants, salt formation, pulverization, size reduction of particles, solid dispersion, microemulsion, liposomes, complex formation, nano-particles, nano and micro-spheres, use of prodrugs and use of permeation enhancer. [2, 3] Recently, preparation of formulations with lipid base to upsurge the oral bioavailability of drugs with poor aqueous solubility is in trend. Selfdispersing lipid formulations are classified into two categories: (1) Self-emulsifying drug delivery system (SEDDS) and (2) selfmicroemulsifying drug delivery system (SMEDDS).
SEDDS is the isotropic mixture of cosolvents/cosurfactants, solid or liquid surfactants, one or more hydrophilic solvents, and natural or synthetic oils. These result in the formation of o/w type emulsion or microemulsion in gastrointestinal tract (GIT) due to agitation which is provided by gastric and intestine motility during digestion which is necessary for self-emulsification. [4] SMEDDS is homogeneous and isotropic mixture of drug, oil, surfactant, cosurfactant, and cosolvent. Dilution method and water titration methods are used to plot ternary phase diagram for the identification of best emulsifying region. SMEDDS is used to solve the problems of all Biopharmaceutical Classification System (BCS II) drug which possess issues of high molecular weight, low solubility, gastric irritation, enzymatic degradation, pre-systemic first pass-effect, low bioavailability and stability of drug. [2, 3] 
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MECHANISM OF SELF-EMULSIFICATION
In SMEDDS, the free energy formed may either be positive or very low or it may even be negative as a result of which thermodynamic spontaneous emulsification takes place. The interface between the continuous aqueous phase and oil is formed on the addition of a binary mixture (non-ionic surfactant/ oil) to water. It has been found that self-emulsification take place due to the penetration of water into the Liquid Crystalline (LC) phase that is formed at the water-oil/surfactant interface into which water can penetrate easily, assisted by gentle agitation. After water penetration to a certain limit, it results in the disruption of interface and droplet formation takes place. According to the researches of Reiss, self-emulsification takes place when the entropy change favoring the dispersion is higher than the energy essential to increase the surface area of the dispersion. It can be expressed by: ∆G=∑Niπr2σ
Where, ∆G -free energy accompanying the process (apart from the free energy of mixing), N -Total number of droplets, r -Radius of the droplets, σ -Energy at the interface. [5] 
COMPONENTS OF SMEDDS Lipid
Lipids are responsible for the solubilization of hydrophobic drugs, fluidization of the intestinal cell membrane, enhancement of dissolution rate, and solubility in gastrointestinal (GI) fluids, and they further protect the drug from chemical and enzymatic degradation by altering pharmaceutical properties of drug. Most drugs used in SMEDDS are hydrophobic in nature and have greater solubility in triglycerides than surfactants. Hence, they are used in 40-80% concentration. Various lipids used in SMEDDS are summarized in Table 1 . [6, 7, 12] 
Surfactant
Surfactants play an important role in the enhancement of solubility of hydrophobic drug in oil, dispersion of liquid vehicle on dilution in GIT fluids, improvement of bioavailability by increasing permeability, prevention of precipitate formation within the GI lumen, and prolonging the presence of drug moiety in soluble form, which results in effective absorption, and 30-60% concentration is used. They concentrate at oil-water interface and settle at inner stage (internal phase) in emulsion and make more stable microemulsion. Various surfactants used in SMEDDS are summarized in Table 1 . [8, 18] 
Cosurfactant
In SMEDDS, for the purpose of reducing interfacial tension, high concentrations of surfactants is required that may cause gastric irritation. Thus, cosurfactants are employed to lessen the concentration of the surfactant, to dissolve large amount of either lipophilic drug or hydrophilic surfactant in lipid base, and to decrease interface of oil/water which results in immediate formation of microemulsion. Cosurfactants ranging between hydrophile-lipophile balance (HLB) values Table 1 : List of various excipients used in SMEDDS formulation [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] of 10-14 are widely used with the surfactant to reduce interfacial tension to a great extent to achieve transient negative value and to provide sufficient flexibility to interfacial film. [9] [10] [11] [12] Various cosurfactants used in SMEDDS are enclosed in Table 1 .
Cosolvents
Cosolvents used for oral dosage form are ethanol, polyethylene glycol (PEG), and propylene glycol as they helps in improvement of solubility of the drug or surfactants in a lipidic base, facilates in the dispersion process and starts earlier phases of dispersion and can perform action of co-surfactant in micro-emulsion system. Alcohol and other volatile solvents migrate into soft gelatin capsule shell and cause precipitation of lipophilic drug. However, lipophilic drug of alcohol-free products has limited dissolution ability. Hence, proper choice of solvent is done during the selection of components. Commonly used cosolvents in SMEDDS are summarized in Table 1 . [11] [12] [13] [14] [15] [16] [17] 
TRANSPORTATION OF LIPIDS
The GIT is richly supplied with both lymphatic and blood vessels. Hence, material or drugs that are absorbed through the epithelial cells of the small intestine possibly may enter either throguh blood capillaries or lymphatic. Majority of drugs or materials are transported into blood capillaries due to high flow rate (500-fold) higher than that of intestinal lymph. Lymphatic transport of drugs takes place when the drug shows high solubility in triglycerides (>50 mg/ml) and is highly lipophilic (logP >5). [18, 19] These drugs are absorbed through intestinal lymph vessels by associating with developing lipoproteins in the enterocytes. Triglycerides are the most commonly used excipients in lipid-based drug delivery. When compared with long-chain glycerides, medium-chain glycerides show complete digestion with high solvent capacity. Monoglycerides and long-chain fatty acids (FAs) are reesterified to triglycerides within the intestinal cells, fused into the chylomicrons, and secreted out from the intestinal cells by exocytosis into the lymph vessels by resynthesized triglyceride accumulation within the Golgi apparatus. Chylomicrons are formed by the addition of proteins and phospholipids.
FACTORS INFLUENCING SMEDDS FORMULATION
Different factors affecting SMEDDS formulations are discussed as follows:
Nature and dosage of drug
For the preparation of high-dose formulations into SMEDDS, they need to have good solubility in at least one of the components of the formulation. Drugs having inadequate solubility in lipids are most difficult to be delivered by SMEDDS.
[20]
Polarity of the lipophilic phase
This factor affects the drug release from emulsion or SMEDDS. Polarity of droplet depends on HLB value, degree of unsaturation and chain length of FAs, and molecular weight of micronized FAs. [16] Charge on droplet of emulsion Many physiological studies show that the potential of absorptive cells and all other cells in body are negatively (−ve) charged with respect to mucosal solution in lumen.
Charge may be positive in some formulations.
Equilibrium solubility measurement
It is done to determine the possible cases of precipitate formation in the gut. Pouton's study found that formulation in which crystallization occurs may take 5 days to attain equilibrium and drug can continue to be in a supersaturated state for 1 day (24 h) after the early emulsification process. [21, 22] 
APPLICATION OF SMEDDS
Various applications of SMEDDS are discussed as follows:
Improvement in solubility and bioavailability
Multifold increase in bioavailability of BCS class-II drugs by improving solubility and dissolution rate of the drugs.
Protect drug from biodegradation
Many drug formulations are degraded in physiological fluids/ system due to change in the pH around drug. Such as acidic pH in stomach leads to enzymatic or hydrolytic degradation, etc. SMEDDS formulation prevents drug from biodegradation by forming an obstacle among the drug and the degrading environment which is formed due to LC phase. [23] No effect of lipid digestion process
This drug delivery system is unaffected from lipolysis because this system is not degraded by the action of pancreatic lipases and bile salts because these help in self-emulsification of formulation only. [2] Enhance drug loading capacity Formulation excipients provide high solubility of drug which results in high drug loading capacity of the formulation.
[4]
SMEDDS for herbal drugs and traditional medicines
A large number of herbal drugs and traditional medicines are being exploited and used for the development of SMEDDS because most of them have volatile and fixed oils. [13, 24] 
Delivery of peptides
This drug delivery system provides protection from enzymatic degradation in GIT due to which this system is suitable for delivery of peptides, hormones, enzyme substrate/inhibitors.
Controlled release formulation
Polymer addition in composition of SMEDDS provides prolong/control release of medicament. [26] [27] [28] 
RESEARCH WORK ON SMEDDS
SMEDDS is novel approach for enhancing bioavailability by avoiding dissolution step for all BCS class drugs. Many research works have been done on SMEDDS which is summarized in Table 2 .
Patents on SMEDDS
The various patents on SMEDDS are summarized in Table 3 .
RECENT TRENDS IN SMEDDS
Following is a brief discussion on the recent trend in SMEDDS.
Supersaturable SEDDS (S-SEDDS)
Higuchii T. proposed the potential for supersaturated drug formulations for the improvement of drug absorption. Polyvinylpyrrolidone and water-soluble cellulosic polymers such as hydroxypropyl methylcellulose (HPMC), methylcellulose (MC), and hydroxyl propyl MC phthalate are useful in generating a supersaturatable state with a number of poorly water-soluble drug. A high payload S-SEDDS was deeply studied to improve the oral bioavailability of a drug candidate having poor water solubility, silybin. HPMC was employed as a precipitation inhibitor. [2] Self-microemulsifying mouth dissolving film (SMMDF) SMMDF was developed by Xiao et al. for watersoluble drugs. Indomethacin was produced by fusing [25, Name of drug Cremophor EL (50%)
Oleanic acid Ethyl oleate (15) Cremophor EL (35) Ethanol (50) - Pharmacokinetic parameters such as T-max, C-max, and area under the curve (AUC) compared between SMMDF and fluid SMEDDS were measured. C-max and AUC for SMMDF were found to be considerably higher than that of normal mouth dissolving film or tablet, and T-max of SMMDF was found to be essentially diminished. Results concluded that SMMDF is another promising dosage form that has remarkable attributes of accommodation, rapid action, and improved oral bioavailability of a poorly watersoluble drug.
[10]
Formulations of lecithin-linker for SE delivery of nutraceuticals
Chu et al. studied lecithin-linker microemulsions in which soybean lecithin is blended with lipophilic and hydrophilic linkers. Lecithin-linker creates self-emulsification with β-sitosterol and β-carotene. The grouping of the sorbitan monooleate (lipophilic linker) was done to reduce the development of fluid precious stones. Grouping of hydrophilic linkers, i.e., PEG-6-caprylic/caprylic glycerides and decaglyceryl caprate/caprylate, was steadily checked until clear microemulsions were formed. The single stage clear microemulsions were weakened, and a stable emulsion was created with droplet size near 200 nm. Pseudoternary stage charts were used to assess the procedure of weakening of microemulsion pre-concentrates (blends of lecithin, oil, and linkers with practically no water) with fed-state simulated intestinal fluid (FeSSIF). It was resolved that self-emulsification is acquired when the early phases of the weakening produce a single stage microemulsions. Numerous stages were developed to avoid production of insecure emulsions with substantial size drop in early stages. An in vitro porousness study directed that steady emulsions with size of droplet ranging from 150 to 300 nm create substantial and irretrievable penetration of β-carotene to digestive system of sheep. Dialyzer chamber is used to isolate precarious emulsions.
Sponges carrying SMEDDS
Josef et al. fabricated sponges carrying SMEDDS for improving solubility of lipophilic drugs but their liquid nature was one limitation to their wide application. Their expansion in sponge produced using a hydrophilic customary polymer is another system for plan of SMEDDS. The nanosponge structures focused on inspecting in electron microscopy and little edge X-pillar diffusing. The oil beads were dried and SMEDDS of size 9 nm in the dried sponge was found. The sponge was rehydrated, and the presence of SMEDDS in the rehydrated sponge was affirmed. SMEDDS containing Nile red (soluble in all rehydrated and dry sponges) discharges drop-wise from the nano-sponge at rate that contingent on the method used for drying. It was discovered that the drying plan incredibly influences the water take-up of the nanosponge. The mix of sponge and SMEDDS might be a way to give a solid structure for SMEDDS that can deal with use of the delivery of hydrophobic medicament.
Herbal SMEDDS
SMEDDS provided fluids that filled hard gelatin capsules, which were taken into consideration for formulating a safe and stable dosage forms for herbal extracts. The solubility of the herbal extracts in a number of vehicles was determined. Pseudoternary phase diagrams were drawn to study the microemulsification existence area. Dissolution method investigated the release rate of herbal extract. SMEDDS was considered for precipitation, particle size distribution, and clarity. Development and screening of formulations were done on the basis of the results of solubility and phase diagram. Warke et al. used the improved preparation for in vitro dissolution which comprised of Cremophor RH 40 (40%), Plurol Oleique (30%), and herbal extract (30%) and showed complete discharge in 10 min. SMEDDS successfully passes the stability testing under storage conditions as per ICH guidelines for 3 months. From SMEDDS, improved dissolution profiles of herbal extracts were established. SMEDDS appeared as an amazing approach to increase the bioavailability and solubility of herbal drugs.
[10,79-82]
Self-double-emulsifying drug delivery system (SDEDDS)
SDEDDS has the ability to instantly emulsify to double emulsions, i.e., water-in-oil-in-water (w/o/w) in the mixed aqueous GI surroundings in which drug is enclosed (encapsulated) in internal phase which is water of double emulsions. SDEDDS was used to enhance the oral absorption of a peptide-like drug and pidotimod with relatively high solubility and low permeability. [83] Positively charged SEDDS One of the most common difficulties faced by the scientists in formulation was to discover the methods for the improvement of oral bioavailability of drugs with poor water solubility. This positively charged SEDDS results in increase in the bioavailability than the SEDDS having negative charge. Cationic lipids are used in these types of systems. For example, positively charged SMEDDS of meloxicam was prepared using the oil components (ethyl oleate, arachis oil, and sunflower oil), a cationic lipid (oleylamine), and surfactants (combination of tween 80 and span 80).
[83]
Self-microemulsifying floating dosage form
Drug having low solubility, undergoing pre-systemic metabolism and irregular absorption of drug throughout the GIT, faces low oral bioavailability. Floating system increases residence time of drugs in the stomach which results in prolonged release of the drugs. The new floating formulation of Furosemide prepared by its adsorption onto a blend of high functionality excipients, matrix forming polymers such as HPMC E50 LV and HPMC K4M and NaHCO 3 (a gasgenerating agent) to attain a floating matrix with controlled release drug profile. [2] In another experiment, floating beads of alginate containing SEDDS of tetrahydrocurcumin were developed to enhance solubility of drug and extend the time of gastric residence. Using different proportions of calcium chloride, water-soluble pore former and sodium alginate in formulation of beads gave different effects on their ability to float and rates of the release of drugs in vitro. [84] 
SE phospholipid suspension (SEPS)
SEPS contains a large amount of phospholipids that help the drug to stay solubilized under in vivo conditions, which is necessary for bioavailability improvement. Phospholipids are endogenous lipids with effcient in vivo emulsification ability. This formulation requires lesser quantity of cosurfactant/ surfactant and thus is comparatively safe and does not cause any serious health complication. [84] 
SE capsules
In conventional SE formulations, if permanent phase separation of the microemulsion happens, enhancement in absorption of drug cannot be anticipated. For management of this problem, sodium dodecyl sulfate was used in SE preparations. Supersaturatable SEDDS was designed for a parallel purpose using small amounts of HPMC (and/or other polymers) in the formulation to avoid the precipitation of drug by producing and retaining a supersaturated state in vivo. The resulting preparation contained reduced amounts of surfactant, thus minimiging side effects of drug in GIT. Liquid self-emulsifiable materials can also be filled into the capsule shells in solid or semisolid states obtained by the addition of solid carriers such as polymers and adsorbents. For example, the presence of a solid PEG matrix neither interfered with the self-microemulsification process nor with the drug solubility. These are usually prepared either as liquids or encapsulated in soft gelatin capsules. [85] The conventional liquid SMEDDS had some drawbacks in the process of manufacturing, leading to high costs of productions. These were difficult to use and also had problems with physical incompatibility with the shells of soft gelatin capsules. They presented storage problems as well. Physical incompatibilities of liquid SMEDDS can be prevented with filling S-SMEDSS in the capsules. In case of semisolid, excipients are first melted and then filled into capsules. Contents of the capsule then solidify at room temperature. [3] Oral administration of SE capsules improved patient obedience when compared to the earlier used route, i.e., parental. For example, low molecular weight heparin (LMWH) was available clinically only through the parental route for the management of venous thromboembolism. Oral LMWH therapy was explored by Ito Y which was filled in hard gelatin capsules. LMWH was dispersed into the SMEDDS and the mixture was then solidified to powders using three types of adsorbents, i.e., magnesium aluminum silicate (Neusilin TM US2), silicon dioxide (Sylysia TM 320), and microporous calcium silicate (Florite TM RE). Finally, these solids were packed into hard gelatin capsule shells. In another research, SE tablets of gentamicin (initially used parentally or topically) were prepared using such adsorbents. [85, 86] Capsule filling is the most common and simplest method for the encapsulation of solids, liquids, or semisolid SE preparations. Benefits of capsule are the simplicity of their production, high drug loading potential up to 50% w/w, and its suitability for low-dose drug high potency. For filling of liquid preparations, it mainly involves two steps: Filling of the preparation into the capsule shell followed by the sealing of cap and body of the capsule either by banding or microspray sealing. [84] 
SOLID SMEDDS (S-SMEDDS)
This novel technology provides an effective substitute to the conventional liquid SMEDDS for drugs having poor solubility. S-SMEDDS is prepared by adding semisolid/ liquid SE constituents into powders or nanoparticles. Different solidification methods such as spray drying, adsorption onto solid carriers, melt granulation, and melt extrusion techniques are used by which it is transformed into solid SE nanoparticles. These can be processed into other solid SE dosage forms such as capsules, solid dispersions, dry emulsions, microspheres, nanoparticles, suppositories, implants, beads, pellets, and tablets. [80] 
SE solid dispersions
Serajuddin pointed out that problems associated with solid dispersions such as manufacturing and stability can be reduced using SE excipients. These excipients have the ability to improve the absorption of drugs with poor solubility. SE excipients such as Gelucire 1-50/02, Gelucire 1-44/14, Transcutol, Labrasol, and tocopheryl PEG 1000 succinate have been used extensively in such preparations. [86] They may also be filled directly into hard gelatin capsule shells in the molten state due to the availability of selfdispersing waxy semisolid excipients. Gelucire 44/14 and Gelucire 50/02 are employed for this purpose because these excipients are semisolid and can be filled directly into the capsules in liquefied state. Gelucire improves the absorption of drug due to its high surface activity. Gupta et al. prepared SE solid dispersion granules using the hot melt granulation method for seven drugs, which includes four drugs containing carboxylic acid (-COOH) group, a hydroxyl group (-OH) containing drug, an drug containing amide group (phenacetin), and a drug with no proton donating groups (progesterone) in which Neusilin US2 was appointed as surface adsorbent, while Gelucire 50/13 was hired as the dispersion carrier. [85] 
Dry emulsions
These are the powdered solid dosage forms which instantly get emulsified on the addition of water in the formulation. They can be obtained by emulsifiable glass system, freeze drying, and spray drying. The most interesting outcome in this field is the recently formulated enteric coated dry emulsion preparation of amlodipine with dextrin as a carrier for the transport of peptide and protein drugs orally by Toorisaka et al. The preparation consisted of a vegetable oil, surfactant, and pH responsive polymer.
[10] Lately, Cui et al. formulated dry emulsions by spreading liquid o/w emulsions on a flat glass, drying them, and then triturating it to powders.
[4] Bamba et al. described the use of amorphous cryoprotectants for freeze drying of o/w emulsion. Vyas et al. prepared a dry emulsion of griseofulvin using mannitol as the cryoprotectant. Corveleyn et al. prepared formulation of lyophilized dry emulsion tablets and studied parameters that affect the addition of amorphous cryoprotectants and a slow cooling rate have the utmost stabilizing effects, while heat treatment before liquefying causes reductions the stabilizing effects. [10] Myers and Shively developed solid-state glass emulsions. In this method, drug dissolved in a vegetable oil is mixed with sucrose solution. Such emulsifiable glasses have the benefit of not needing any surfactants in the formulation. Dry foam was produced by rotator evaporation of mixture under vacuum. Emulsion is produced by addition of this dry foam. Cyclosporine A was tried to deliver through this method. Spray drying technique is most often used in the preparation of dry emulsions. The o/w emulsion was prepared, and to eliminate the aqueous phase, the emulsion was spray dried. [86] SE sustained-release microspheres Quasi-emulsion solvent-diffusion process of the spherical crystallization technique was used to prepare sustained release microspheres of a traditional Chinese medicine and zedoary turmeric oil by You et al. The microspheres were prepared using HPMC acetate succinate and aerosil 200. After oral administration of such microspheres to rabbit's plasma, concentration-time profiles were attained with resulting bioavailability of 135.6% with respect to the conventional liquid SEDDS. [85] Self-nanoemulsifying drug delivery system/SE nanoparticles Techniques used in the production of SE nanoparticles are solvent injection technique, sonication, and emulsiondiffusion-evaporation. In the solvent injection technique, lipid, drugs, and surfactants are all liquefied together and added drop by drop into the agitated non-solvent. The final SE nanoparticles were strained and dried completely. The approach gave nanoparticles of about 100 nm with a high drug loading capacity of the approximately 74%. [85] In other studies, drug and excipients were melted all together and introduced into a solution of non-solvent. Nanoparticles were then separated by centrifugation and lyophilization. Goat fat and Tween 65 were used for the development of self-nanoemulsifying formulations. Paclitaxel nanoparticles were prepared using glyceryl monooleate (GMO) having SE property along with chitosan. Chitosan acted as bioadhesive for nanoparticles, while 100% drug loading and entrapment effciencies were achieved due to SE property of GMO. These benefits aided in the achievement of an effcacious therapeutic window with lower doses of paclitaxel, thereby reducing the adverse effects related to the chemotherapeutics of paclitaxel. [84] 
SE implants
Self-emulsified carmustine (1, 3-bis (2-chloroethyl)-1-nitrosourea) was fused into PLGA wafer and used as an implant. SEDDS formulation reduced the contact of BCNU from the aqueous media. In vitro release of BCNU from SE PLGA wafers was extended up to 7 days. Such wafers had higher in vitro antitumor activity and were less prone to hydrolysis than those wafers without SE systems. The formulation contained Cremophor RH 40, tributyrin, Labrafil MC 1944, and carmustine. Then, SE carmustine was incorporated into wafers with a horizontal and even surface by compression molding. Eventually, SE system improved the in vitro half-life of carmustine up to 2 h 10 min. [83] [84] [85] [86] Loomis invented copolymers having a bioresorbable region, a hydrophilic region, and at least two cross-linkable functional groups per polymer chain which showed SE properties without incorporating emulsifying agent. These copolymers can be used as good sealants for implantable prostheses. [4] SE SUPPOSITORIES Kim and Ku (2000) found that s-SMEDDS resulted in increase in vaginal/rectal adsorption. [83] Hae et al. used C6-C18 FA glycerol ester, and C6-C8 FA macrogol esters were used in the formulation of SE suppositories of glycyrrhizin. The resulting formulation reported good absorption of drug which was indicated by high plasma drug levels when given through rectal/vaginal route. However, its efficacy was hindered by its short half-life.
SE tablets/control release tablets
Eutectic-based SE tablets were formulated by Nazzal et al. which inhibited the unalterable precipitation of the drug within the formulation. Drug and suitable semisolid oil were used in the formulation in combination. Based on the melting point depression method, the drug contained in the oil phase melts at body temperature, i.e., 37°C, which produces the droplets of emulsion in nanometer size range. During the formulation of these tablets, maltodextrin, modified povidone, and MCC were employed as carriers (additional excipients). Nazzal and Khan estimated the effects of certain processing factors such as colloidal silicates-P1, time of mixing magnesium stearate-P2, and force of compression-P3 on hardness and coenzyme Q10 on dissolution of tablets of eutecticbased SMEDDS. Face-centered cubic design adjusted the conditions (P1 = 1.06%, P2 = 2 min, and P3 = 1670 kg) to significantly reduce the quantities of solidifying excipients essential for the conversion of SEDDS into solid dosage forms. Patil et al. developed a gel-based SEDDS uaing colloidal silicon dioxide (Aerosil 200) as a gelling agent for the oil-based systems, which facilitated the dual purpose of decreasing the quantity of solidifying excipients and in slowing down the rate of drug release by adjusting the size of the molecule of MCC. Nazzal et al. formulated a self-nanoemulsified tablet of ubiquinone. First, ubiquinone contained in the self-nanoemulsion system was formulated which was then absorbed onto a granular substance and then compressed to form tablets. Polyethylene oxide successfully demonstrated its suitability for the controlled-release matrix. Subsequent SE tablets constantly maintained a higher concentration of active ingredients in blood plasma over the same time frame when compared to a non-emulsifying tablet. A number of potent drugs have low oral bioavailability due to their poor solubility in water or pre-systemic metabolism. Carvedilol (antihypertensive drug) has low solubility, low bioavailability, and pre-systemic metabolism. SE tablets are of great utility in escaping the adverse effect, as revealed by Schwarz in a patent. The novel self-emulsifying osmotic pump tablet (SEOPT) containing carvedilol has many advantages over the commercial carvedilol tablet such as stable plasma concentrations, controllable rate of release of drug, and bioavailability of approximately 156.78%. [85] Addition of indomethacin (or other hydrophobic NSAID) into SE tablets may upsurge its penetration efficacy through GI mucosal membranes, possibly reducing the bleeding of GI membranes.
SE beads
Patil and Paradkar invented porous polystyrene beads (PPB) for delivering SEFs using the solvent evaporation method. They are inert and stable over a wide range of pH and extreme conditions of humidity and temperature. Copolymerization of styrene and divinyl benzene was done for the preparation of beads. The formulation was poured into microchannels of the beads through capillary action. Size of beads and structure of pores of PPB affected the loading efficiency and in vitro release of drug from SE system filled with PPB. Studies concluded that PPB is a potential carrier for the solidification of SE system, with considerably high SES to PPB ratios required to obtain the solid form. [83] In another study, SEDDS of tetrahydrocurcumin contained in floating alginate beads was developed to enhance solubility of drug and prolong its gastric residence time. Using different quantities of sodium alginate, calcium chloride, and water soluble pore former (polyvinyl alcohol polyethylene glycol co-polymer) in bead preparations results in variation on the floating abilities and in-vitro release rate of drug. [84] SE-controlled/sustained release pellets Pellets are unit dosage forms with advantages of ease of manufacturing, reduced inter-and intra-subject irregularities of plasma profiles, and minimized irritation of GIT without affecting the bioavailability of the drug. [82] The pellets are characterized for their shape, size, friability, and surface characteristics. [83] Serratoni et al. formulated SE-controlled release pellets by adding drugs into SE system that improved the rate of release of the drug and then covering it with a water-insoluble polymer that reduced the release rate of drug. Spherical pellets were prepared by extrusion/spheronization with low friability that has two water-insoluble model drugs (methyl and propyl parabens) and SE system that contained mono-di-glycerides and polysorbate 80.
SE sustained release matrix pellets were successfully prepared with glyceryl behenate (Gelucire 70/02) and glyceryl palmito stearate (Gelucire 54/02). [85] Thus, it is very interesting to combine the benefits of pellets with those of SEDDS by formulating SE pellets. The combination of coating and SE system controlled in vitro release of drugs by providing different release rate profiles and the presence of the SEDDS did not influence the ability of the polymer film to control dissolution of the drug. In some investigations, s-SMEDDS was prepared by wet granulation method on a laboratory scale using a high shear mixer to increase the rate of dissolution of a drug having poor aqueous solubility. The conventional liquid granulation binder was substituted with an o/w type of microemulsion, containing the drug. [85] The most common technique used for the preparation of s-SMEDDS was spray drying along with the use of a solid carrier. Solid carriers such as gelatin, dextran, aerosol 200, and lactose have been successfully used in the preparation of s-SMEDDS of drugs such as flurbiprofen, curcumin, nimodipine, dexibuprofen, and docetaxel with improved oral bioavailability. In his study for alternative method of s-SMEDDS preparation, Agarwal et al. adopted simply triturating the liquid SMEDDS with a solid adsorbent in a mortar until a uniform mixture was formed to prepare a powdered SE lipid formulation of meloxicam. It could be a cost-effective technique for the preparation of s-SMEDDS of poorly water soluble drugs overcoming the drawbacks of the conventional liquid SMEDDS preparations. However, certain features of s-SMEDDS such as physical aging associated with glyceride, oxidation of vegetable oils, and interaction between drugs and excipients must be taken into consideration while preparation of s-SMEDDS. In a study, the drawbacks of s-SMEDDS were listed such as strong adsorption and physical interaction between the drug and the carriers causing improper or partial release of the drug from s-SEDDS. In the same study, immediate release SE tablets of ibuprofen were designed using an acid-soluble powdered carrier, Fujicalin ® (granulated dibasic calcium phosphate) to aid the process of release of drug in the stomach. It suggested a novel approach for the preparation of immediate release s-SMEDDS. [3, 8] 
FUTURE PERSPECTIVE
SMEDDS could be an effective way to overcome the issue of solubility of drugs with relatively lesser solubility in the fluids of GIT. Role of intestinal lipids on solubilization of lipid-based formulations could be better understood using the combinations of i in vitro dispersion and digestion methodology. This in situ emulsion formulation has high stability which can be taken as an emulsion prefix. In future, development of SMEDDS will remove all the complications related to the delivery of drugs with poor solubility. Still, a long way has to be covered, before launching more SMEDDS products in the market because SMEDDS needs further exploitation including researches about bioavailability and development of in vitro, in vivo correlation (IVIVC) and other dosage forms. [8, 10] The novel SEOPT needs more exploitation. [85] CONCLUSION SMEDDS is a great and useful approach for the preparation of drug compounds with poor solubility, pre-systemic first-pass effect, high molecular weight, gastric irritation, enzymatic degradation, low rate of dissolution, and lesser bioavailability. This approach is suitable for all drugs of BCS because prepared emulsion provides faster absorption, faster dissolution rates, and high bioavailability due to solubilization of drug in lipidic excipients which avoids the dissolution step. This approach needs more exploitation in field of SEOPT formulations and other dosage forms. They lack IVIVC which needs to be extensive and continuous comparison of these studies in foreseeable future using biorelevant media such as fasting state stimulated intestinal fluid (FaSSIF) media, FeSSIF media, and FaSSGF media which gives more accuracy of in vivo results in the formulations.
